ABSTRACT. Using an ORF1b-based astrovirus-specfic reverse transcription (RT)-PCR assay, a novel astrovirus-like was detected from domestic geese in China. Pairwise comparisons and phylogenetic analyzes suggested that a novel group of goose astrovirus, different with previously known astroviruses in the genus Avastrovirus, was found circulating in geese. This study has expanded our understanding about the role of domestic waterfowls as reservoirs for diverse astroviruses.
parvovirus, avian influenza virus, avian Tembusu virus, avian paramyxovirus type 1, goose circovirus, Escherichia coli, Riemerella anatipestifer and Salmonella anatum spp. were excluded as the causative agent by PCR (RT-PCR) method [13, 20, 21] .
As part of etiological studies, the extracted RNA was screened for astrovirus using a previously described degenerate primer based RT-PCR with primers, which was designed to amplify a fragment of RdRp gene [3, 12, 19] . Using the RT-PCR method, DNA fragments of approximately 430-bp were obtained from the diseased Shitou geese. After cloning and sequencing of the amplicons, two goose origin astroviruses (designated as GsFJ2017 and GsFJ02) were obtained and submitted to the GenBank under the accession numbers MF576430 and MG696113, 391-bp sequences were used for further analyzes.
Recent study showed a 391-bp RdRp region (partial of the 430-bp), which agreed with those obtained astroviruses sequences identity analyzes, can be used for different avian species astroviruses classification [3, 12, 19] . Here, 391-bp RdRp sequences from previously known 37 avian astroviruseses and 3 mammalian astroviruses retrieved from GenBank were used. Nucleotides identities were analyzed using Lasergene software v10.0 (DNAStar, Madison, WI, U.S.A.) by ClustalW method. Phylogenetic tree of the 391-bp RdRp sequences were constructed using the neighbor-joining implemented in MEGA 6. Bootstrap analysis was performed with 1,000 replications.
To investigate further the relationship of the two goose origin astroviruses detected in the study with other avastroviruses, phlylogenetic analysis was performed based on the alignments of RdRp sequences. The tree demonstrated that 37 astrovirus isolates from birds were clustered into nine distinct clades (ANV, CAstV, DAstV-1, DAstV-2, DAstV-3, DAstV-4, TAstV-1, TAstV-2 and NpAstV). The GsFJ2017 and GsFJ02 isolates in this study were grouped into a distinct clade (proposed GoAstV-2 candidates), different with newly identified goose astrovirus (GenBank No. KY271027, proposed GoAstV-1), under genus Avastroviruses (Fig. 1) . an approximately 391-bp RdRp region. The tree was generated by MEGA 6.0 software, using Neighbor-Joining method (bootstrap=1,000).
The scale bar represents the number of nucleotide substitutions per site. The goose origin astroviruses (GsFJ2017 and GsFJ02, proposed as GoAstV-2) in this study were indicated with black triangle (▲). Reference sequences obtained from GenBank are indicated by accession number and strain name. Goose origin astroviruses are indicated with goose followed the accession number and strain name. Of the astroviruses detected in this study, 37 avian astroviruses (belong to the genus Avastroviruses) were included in the analysis, including three classic Avastrovirus clades (TAstV-1, ANV and DAstV-1), six unclassified avian astroviruses (CAstV-1, DAstV-2, DAstV-3, DAstV-4, TAstV-2 and NpAstV) and newly identified goose astrovirus (GenBank No. KY271027, proposed as GoAstV-1). Three Mamastroviruses (GenBank No. NC019494, NC011400 and NC016155) were used as out-group. Clades were indicated on the right side of the trees.
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In terms of sequence identity, the two goose origin astroviruses (GsFJ2017 and GsFJ02) shared the highest identity values at 99.7%, significantly higher than those with newly identified goose astrovirus (GenBank No. KY271027) (62.8-63.0%), the DAstV-3 cluster (66.2-67.3% with duck origin and 66.5-67.3% with goose origin) and the ANV cluster (55.9-60.3%), respectively. Goose had been tested with astrovirus positive previously from the viruses with belong to the GoAstV-1 (proposed), DAstV-3 cluster [12, 22] and ANV cluster [1, 7] . The lower identities (53.7-67.8%) shared by the GsFJ2017 and GsFJ02 isolates and other selected avastroviruses were shown in Table 1 .
Moreover, positive samples were submitted to viral isolation by inoculation of clarified homogenate onto the chorioallantoic membrane (CAM) of 9-day-old embryonated SPF chicken eggs and 10-day-old embryonated goose eggs for three passages. Embryos were incubated at 37°C and candled twice daily for 10 days. No deaths and pathological changes were observed in embryos after three passages, with no positive signal observed at every passage by the RT-PCR technology. These data means attempts to isolate the virus were unsuccessful. Experimental infections of goslings with unpropagated viruses that are present in a clarified intestinal sample could not reproduce the disease observed in the field. Thus, although the novel goose astroviruses were detected in diseased ducks, and was possibly associated with clinic pathological changes, it is not concluded that the astrovirus described here must be the causative agent of the disease. Further studies, including propagation assays and pathogenicity tests of the novel goose astrovirus and other possible pathogens, are needed to elucidate the causative agent of the disease.
To conclude, this study demonstrates the occurrence of a novel astrovirus in geese, distinguished with all previously reported avian astroviruses. The findings of different avastroviruses in domestic ducks and geese have raised a concern about the role of domestic waterfowls as reservoirs for diverse astroviruses. More extensive surveillance for avian astroviruses in different ducks and geese may enhance our understanding of the molecular epidemiology and ecology of Avastroviruses. 
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